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STUDIES  UPON  EXPERIMENTAL  PNEUMONIA  IN 
RABBITS. 
VI.  STUDIES  IN  IMMUNITY.* 
BY  B.  S.  KLINE,  M.D.,  AND  M.  C.  WINTERNITZ,  M.D. 
(From the Pathological Laboratory of lohns  Hopkins  University, Baltimore.) 
It has been shown that experimental pneumonia is not necessarily 
fatal in rabbits and that the number of pneumococci injected intra- 
tracheally is of importance in the outcome of the disease (I).  If a 
small number of organisms are injected the animals usually recover, 
and if much large doses are employed they usually die.  These facts 
were utilized to determine w,hether animals could be giver~ repeated 
increasing  doses  of  pneumococci  intratracheally  and  whether  an 
immunity could be thereby established. 
The  prhsenee of  protective  substances  in  human  serum during 
lobar pneumonia has recently been shown by Dochez  (2),  who re- 
ports the protection of white mice agains.t many times the fatal dose 
of the homologous organism.  He  succeeded in  doing this by  the 
simultaneous  injection  of  serum  from patients  with  lobar  pneu- 
monia drawn at the time of and after the crisis.  These protective 
substances were found to be present in the serum as long after the 
crisis as the patients were under observation (five to twenty days). 
ACTIVE  IMMUNITY. 
In  the  experiments to be  reported the  rabbits  were usually  in- 
oculated at intervals of two weeks, although in some cases a  period 
of a  month elapsed between injections.  Five cubic centimeters of 
a  twenty to  twenty-eight hour  culture  of  stock  pneumococcus in 
pig serum broth was the quantity always inoculated.  As an initial 
dose  some of  the animals  received  17,ooo,  others  25,000,  others 
IOO,OOO, and still others  I5O,OOO organisms per cubic millimeter of 
* Received  for  publication, April 16,  I913. 
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culture  fluid.  The number of bacteria  in subsequent doses was in- 
creased  gradually  .to  5oo,00o  per  cubic  millimeter.  Inasmuch  as 
the organi:sms grow out in pig serum broth  to the number  of 2oo,- 
ooo  to  3oo,ooo per cubic  millimeter  at  best,  the  culture  fluid  was 
concentrated  for the larger doses by centrifugalization. 
A  large number of animals were used in these experiments.  The 
evidence of the active  immunization  may be best illus,trated  by the 
type experiment in table I. 
It  is  seen  that  an  animal  recovering  from  one  attack  of  pneu- 
monia,  the result of 'the  intratracheal  inoculation with pneumococci, 
may then withstand repeated doses.  Further,  if an animal that has 
recovered  from  an  inoculation  of  a  moderate  number  of  pneu- 
mococci  is  subsequently  repeatedly  injected  with  carefully  graded 
increasing  doses,  such  a  large  number  of  organisms  may  then  be 
tolerated as invariably proves fatal in control animals.  This  offers 
definite evidence of an immunity after  experimental  pneumonia. 
Twenty-six  rabbits  were  repeatedly  inoculated  intratracheally 
with pneumococci.  The results are briefly presented in table II. 
Analysis of Table H.--A'pparently  animals  do not all react simi- 
larly to repeated intratracheal  inoculations with pneumococci.  The 
vast majority surviving the first injection  will subsequently survive 
repeated  ones.  The  number  of  injections  that  they  tolerate  is 
variable : 
3 animals succumbed after 2 injections; 
5 animals succumbed after 3 injections; 
7 animals succumbed after 4 injections; 
I animal  succumbed after 5 injections. 
Of the animals killed or still alive: 
I animal  survived 8 injections; 
4 animals survived 6 injections; 
2 animals survived 5 injections; 
:t animal  survived 4 injections; 
2 animals survived 3 injections. 
From  the  table it  does  not appear  that  the  immunity  established 
by repeated  intratracheal  inoculations  of  pneumococci  is  absolute, 
but,  as we shall  show,  there  are  several  facts which must be taken 
into  consideration  in  this  relation  before  a  definite  conclusion  is 
reached. B. S. Kline  and M.  C.  Winter,ritz.  63 
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TABLE  II.--Continued. 
No. of bacteria 
No. of  per c.mm. in 
Weight in  inoculations  5 c.c. culture 
gm.  intratrache-  (first andlast 
ally.  injections). 
8  IO0,OOO  to 
I  500,000 
No. of 
animal.  1 
2I 
100,000  to 
500,000 
66  IO0,000  to 
500,000 
68  2,I70  6  250,000  to 
500,000 
69  2,54o  6  25o,ooo  to 
500,000 
G  ~,38o  3  to  300,000 
500,000 
Result. 
Recovered. 
Died.3  oAfterhrs. "Killed.  Within 
3  ° hrs.  Alive. 
Io  days  after  last  in- 
jection. 
io  days  after  last  in- 
jection. 
IO  days  after  last  in- 
jection. 
IO  days  after  last  in- 
jection. 
io  days  after  last  in- 
jection. 
IO  days  after  last  in- 
jection. 
The  .changes  which  take  place  in  the  thorax  in  animals  dying 
after  repeated  inoculations  will be ,discussed  later,  but here  it may 
be said that  fibrous pleurisy,  pericarditis,  mediastinitis,  and organi- 
zation within .the lungs  frequently occur. 
In a  number  of  animals  (six)  repeatedly  inoculated,  death  fol- 
lowed injection so rapidly  that its probable  explanation appeared to 
be  the  mechanical  injury  to  a  cardiorespiratory  system  already 
handicapped by chronic lesions.  Death  in these animals was infre- 
quently  associated  with  a  septicemia,  and  when  a  septicemia  was 
present  it  was  mild. 
This fact deserves special emphasis,  for, as we shall show, rabbits 
dying  from a  primary  attack of  experimental  pneumonia invariably 
have  a  marked  septicemia.  For  example,  fifty-two  rabbits  dying 
within a  few days after  a  primary  attack :all showed in smears  and 
blood cultures  made  at  au,topsy  the  presence  of  the  pneumococcus 
in  larffe  numbers.  Furthermore,  in  the  five  cases  in  which  blood 
cultures  and smears  were made repeatedly  during the course  of  the 
disease  the  septicemia  was  found  to  increase  :in  severity  as  death 
approached.  This is  illustrated  in table  III. 
1 At  the  same  time  that  the  animals  were  inoculated  with  the  larger  doses, 
control  rabbits  were  similarly  inoculated,  and  with  one  exception  died  within  a 
few  days. 68  Experimental Pneumonia in Rabbits. 
TABLE  III. 
Extent  off Septicemia. 
Date. 
Feb. 19,1913 
Feb. 20, A.M. 
Feb. 2o, P.M. 
Jan.  19 
Jan. 22 
Jan. 19 
Jan.  20 
Jan. 22 
i 
Jan.A.M.24, 11.3o-- 
i 
Jan.  24,  6.30 
P.M. 
Jan.  19 
Jan.  20 
Jan. 2z 
Feb. 3 
Feb. 4 
No. of 
animal. 
J 
116 
W 
Pneumococcus 
Weight  injected intra- 
in gm.  tracbeaIly 
__  ~culture)~(5  c.c.  __ 
1,275  [300,000  per 
e.mm. 
Stock  cul- 
]  ture (S) 
20,000  per 
c.mm. (C) 
i 
Blood  !  No. oforgamsms 
culture  per c.mm.ln animal's 
•  blood• 
I 
+  Too few to count 
5.40  P.M. 
+  ),ooo,ooo  pe: 
c.mm. 
2y  I0,OO0,O00  p e r 
c.mm. 
375,000  per 
c.mm. (S) 
iToo few to count  + 
~Too few to coun~ 
+  [2,500,000  per 
e.mm. 
:1 
76  1,73o  375,ooo  per 
e.mm. (S) 
+ 
i 
40,000  per 
c.mm. (C)  I 
+ 
Remarks. 
Animal died 26½ hrs. 
after injection. 
Blood  smear  made 
IO to 15 rain. after 
death of animal. 
Smear made immedi- 
ately  after  death 
of animal (73  hrs. 
after injection). 
Smear  made  ½  hr. 
after  death  of 
animal,  5  days 
after injection. 
Too few to count 
2,ooo,ooo  Smear made immedi- 
ately after death of 
animal  (56  hrs. 
after  injection). 
,6oo,ooo  Smear made immedi- 
ately  following 
death  of  animal 
(32  hrs.  after  in- 
oculation). B. S. Kline and M.  C.  Wintern~tz.  69 
The increase in the number of organism.s occurring in thc blood 
in the fatal cases of primary pneumonia is  striking.  Animal  116, 
for  example,  received  intratracheally  fivc  cubic  centimeters  of  a 
culture of  pncumococcus containing 3oo,  ooo  organisms  per  cubic 
millimeter.  In  eight  hours  a  septicemia had  devclopcd.  At  the 
end of cightccn hours the organisms in the blood wcrc still too few 
to coun~c  accurately, but in the next nine hours they had increased to 
9,ooo,ooo per cubic millimeter. 
As has bccn sa~d, a scpticemia is always present in the fatal cases 
of  primary pncumonia.  On the other  hand,  in  a  few cases  sub- 
scqucntly recovering, a  small number of organisms were present in 
the blood for a  time, disappearing with the clinical recovery of the 
animal  (table IV). 
TABLE  IV. 
Animals Recovering from Septicemia. 
])ate. 
Jan  19,  I913 
Jan.  20 
Jan. 22 
[an. 24 
Jan. 28 
Mar.  I4 
No. of 
animal. 
Weight, 
in  gin. 
2,380 
5 c.c. pneumo- 
coccus 
intratracheally. 
Blood culture.  No. of organ- 
isms per c.mm. 
375,000  per 
C,1TIlTI. 
Positive; few col- Too  few  to 
onies  count 
Too  few  to 
count 
Positive; few col- Too  few  to 
lonies  count 
No growth 
Result. 
Well  14  days 
after  injec- 
tion. 
Feb.  I9 
Feb.  20 
Feb. 21 
Feb. 2~ 
Feb. 23 
Feb. 24 
II7  1,64o  300,000  per 
c.mrn. 
Po:i2: ,ew  col  TOOou :W  to 
Positive; few col- Too  few  to 
onies  count 
Positive; few col- Too  few  to 
onies  count 
No growth  Killed. 
No growth 70  Experimental Pneumonia in Rabbits. 
The  lesions  occurring  in  the  animals  that  died  or  were  killed 
after  repeated  injections  deserve  comment.  Animals  6o,  52,  and 
73,  killed  eleven  days  after  three,  four,  and  five  injections,  re- 
spectively,  showed  apparently  normal  lungs.  Inasmuch  as  the 
animals  manifested  definite  signs  of  respiratory  distress,  pain  on 
pressure of the thorax,  a  tendency to fix the thorax on the affected 
side,  etc.,  for a  few  days  following each  injection,  it  may  be  con- 
cluded  that  in  rabbits  complete  resolution  may  take  place  after 
lobar pneumonia. 
On  the  other  hand,  it  will  be  seen  ,that  most  of  ~he  animals 
showed the result of previous inoculations in the form of patches of 
organizing  consolidation  or abscesses ~in the lungs,  chronic  adhesive 
pleuritis,  or  empyema,  purulent  or  organ'izing  pericarditis,  or 
chronic  mediastinitis.  The  animals  dying within  six and  a  half  to 
twenty-eight  and  a  half  hours  after  the  last  injection  showed  in 
addition  early  lobar  consolidation.  The  sudden  death  in  a  few 
animals  (Nos.  22,  75,  and  72)  in  whom  no  septicemia  or  acute 
lesion  in  the  lung  was  demonstrable  may  have  been caused  by the 
injection  of a  large amount  of material  into a  lung already  handi- 
capped by a  chronic process.  This has been discussed above. 
PASSIVE IMMUNITY. 
Having  demonstraled  the  fact  that  animals  that  have  been  re- 
peatedly inoculated with pneumococci intratracheally possess an active 
immunity,  an  attempt  was  made  to  use  their  serum  to  immunize 
rabbits passively.  Therefore a  number of animals  recovering  from 
repeated  doses  of  a  stock  pneumococcus  culture  inoculated  intra- 
tracheally  were bled and  the serum was obtained aseptically.  This 
serum  was  then  inactivated  by heating  to  5 6o C.  for half  an  hour, 
and  refrigerated  until  used.  In  ~he  experiments  to  be  reported 
below some of the animals  received the inactivated  immune  serum, 
while others received a mixture of two par~s of inactivated immune 
serum,  seven pa~ts of  5  per cent.  boric acid solution,  and  one part 
of I  per cent. sodium oleate solution, a mixture employed and found 
efficacious by Lamar  (3)  in the prophylactic  and  specific treatment 
of pneumococcus meningitis  in the monkey. 
Two  series  of  animals  were  inoculated  with  the  immune  serum B. S. Kline and M. C.  Winter~tz.  71 
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TABLE  V.--Contlnued. 
Immune serum.  Untreated. 
Date. 
Mar. 3, I9I  3 
Mar. 4 
Mar. 5 
Mar. 6 
Mar. 7 
Mar. 8 
Mar. 9 
April 9 
Mar. 3,  I913 
Mar.  4 
No. of  Weight  No. of I 
animal,  in gin.  Remarks.  animal, i 
I24  1,65o  II8 
I25 
14 c.c.  of  inactivated 
immune serum in- 
travenously;  5 
rain. later 5 c.c. of 
28  hr.  culture  of 
pneumococcus 
500,000 per c.mm., 
intratracheally 
(homologous  o r- 
ganism) 
Blood  culture  no 
growth 
Blood  culture  no 
growth 
Blood  culture  nc 
growth 
Blood  culture  nc 
growth 
Blood  culture  nc 
growth 
Blood  culture  nc 
growth 
Well  37  days  after 
injection 
1,38o  4  c.c.  of  inactivate( 
immune serum in- 
travenously;  5 min. 
later  5  c.c.  of  28 
hr. culture of pneu- 
mococcus,  500,000 
per  c.mm.,  intra- 
tracheally  (homol- 
ogous organism) 
Blood  culture  no 
growth, A.M. 
Blood  culture  posi- 
tive,  P,M. 
Died 3z hrs.  after  in- 
jection.  Lobar 
consolidation  (red 
hepatization)  of 
right  lower  lobe, 
fibrinopurulent 
pleurisy.  Blood 
culture  positive, 
post mortem. 
I2I 
Weight 
in gm. 
1,750 
1,300 
Remarks. 
5 c.c. of 28 hr. culture ot 
pneumococcus 
5oo,00o per c.mm., in. 
tratracheally.  Blood 
culture  no  growth, 
hrs. later. 
Blood  culture  positive, 
A.M.  Died  20  hrs 
after injection. Lobar 
type  of  consolidatior 
of  ~  of  right  lower 
with  beginning  in- 
volvement  of  othel 
portions  of  lobe 
Marked  fibrinous 
pleurisy  overlying. 
Blood  culture  posi- 
tive,  post  mortem. 
5 c.c. of 28 hr. culture of 
pneumococcus 
500,0oo per  c.mm., in- 
tratracheally.  Blood 
culture  positive,  t~ 
hrs. later. 
Found dead i6 hrs. after 
injection.  Lobar type 
of  consolidation 
(early)  in  upper  por- 
tion  of  right  lower 
lobe  and  portion  of 
right  middle.  Blood 
culture  positive, post 
mortem. 74  Experimental Pneumonia in Rabbits. 
and  the  homologous  pneumococcus.  The  resul,ts  were  so  similar 
that  only one series will be reported  (table V). 
The  four  control  animals  died  in  91 ,  14o  ,  20,  and  16  hours, 
respectively,  averaging  67  hours.  Only  one  of  the  four  animals 
treated  with immune serum died  (31  hours after injection).  Both 
animals  treated with the mixture  of immune  serum,  boric acid,  and 
sodium  oleate  survived.  None  of  the  surviving  animals  gave  a 
positive blood .culture at any time after  inoculation.  This  demon- 
strates conclusively the protective power of the immune serum. 
CONCLUSIONS. 
I.  Rabbits  recovering  from  one  attack  of  experimental  pneu- 
monia possess an active immunity.  Such animals may subsequently 
withstand  repeaqted  increasing doses of pneumococci intratracheally. 
2.  Death  may supervene  after  any one  of subsequent injections, 
but it seems to depend partly upon the chronic changes in the cardio- 
respiratory  apparatus.  It  may  a~t  least  be  said  that  it  is  usually 
unassociated  with  a  septicemia  which  is  an  invariable  accompani- 
ment of fatal primary lobar pneumonia. 
3-  The  serum  from  animals  actively immunized  by the  repeated 
intratracheal  inoculations  with  pneumococci  may  be  used  success- 
fully to confer a passive immunity against the homologous organism. 
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